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METHOD OF PREPARING HARD COPIES 

BACKGROUND OF THE INVENTION 
This invention relates to a method of preparing hard 
copies by forming a transparent coating layer on a 
recording medium in areas where image has been recorded by 
printer or the like. 

Using today's Image processing technology, one can 
obtain high-quality image by reading an object with a 
scanner or camera. However, when the recorded object is 
output by printer or the like to produce a hard copy, the 
texture of the object is not easy to represent 
appropriately by utilising its gloss, fine asperities on 
its surface and the like. 

One way to express the texture of an object is 
processing by computer graphics (CG) . For example, in 
three-dimensional data on computer screen that represents 
the object, specular reflectance, diffusive reflectance and 
other parameters are defined as texture-representing 
information and a rendering process is performed to 
calculate two-dimensional data and represent it as a two- 
dimensional image. However, even if a printer or the like 
is employed to prepare such two-dimensional image as a hard 
copy, it is difficult to represent the texture of the 
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object appropriately in the hard copy on the basis of 
specular reflection and diffusive reflection, 

JP 11-277724A and JP 2000-1417Q8A disclose methods of 
preparing hard copy which comprise the steps of making 
color print using an ink- jet recording head, allowing the 
printed ink to become half-dry, applying a liquid coating 
agent to the recording medium while the ink is still wet, 
and thereafter applying uv (ultra violet) radiation to 
solidify the coating agent. These techniques claim the 
ability to produce print having high scratch resistance. 

JP 2001-53943A discloses an image forming system that 
picks up color information and gloss information or non- 
gloss information from the image to be reproduced and which 
records image on a recording medium on the basis of the two 
kinds of information. 

According to the disclosure, a landscape oil painting 
art ia reproduced on a recording medium by means of an ink- 
jet printer and varnish is then applied to the recording 
medium in an amount controlled in accordance with the 
intensity of gloss information,' whereby the surface gloss 
of the image is so adjusted as to prepare a hard copy that 
faithfully reproduces the original image. 

However, the surfaces of prints prepared by the 
above-described methods and image forming system are such 
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that they are not fully capable of reproducing an image 
area that has predetermined surface properties and a 
desired degree of gloss. What is more, the thickness of a 
color ink layer that is formed from ink droplets ejected 
during image recording varies with the volume of ink 
ejection, so a thicker color ink layer forms in image areas 
of higher recording density, thus creating steps on the 
surface in accordance with the varying thickness Of the 
color ink layer. 

SUMMARY OF THE INVENTION 
The present invention has been accomplished under 
these circumstances and its principal object is to provide 
a method of preparing hard copies by forming a transparent 
coating layer as the outermost layer in image recorded 
areas of. a recording medium, characterized in that the 
coating layer can reproduce an even more accurate gloss 
than In the prior art and presents the desired surface 
properties in the absence of steps even if there is 
unevenness in image recording density, whereby the image 
has a sufficiently improved texture to look 
more real. 

The invention provides a method of preparing a hard 
copy by forming a transparent coating layer on a recording 
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medium in areas where image has been recorded/ comprising 
the steps of: causing clear droplets to fly from a 
recording head toward the areas where image has been 
recorded; curing the droplets while they are in flight; and 
depositing the cured droplets in the image-recorded areas 
of the recording medium so as to form the coating layer . 

Preferably a curing intensity of the curing step that 
is to be performed on the droplets can be adjusted in 
accordance with the image as recorded on the recording 
msdium. 

Then, an adjustment of the intensity of the curing 
atep that is to be performed on the droplets is preferably 
for changing viscosity of the droplets as they are 
deposited on said recording medium. 

The surface roughness of the coating layer that is 
formed of the droplets as they have been deposited and 
hardened is preferably adjusted by changing the viscosity 
Of the droplets as they are deposited on the recording 
medium. 

The intensity is specifically adjusted for. changing 
the viscosity lower' as an image area to be coated by the 
cured droplets has a higher recording density. 

The droplets preferably contain a thermosetting resin 
material and the curing step comprises applying infrared 



BiS 04- 3-24 ; 1 1 : 48AM ; ION PATENT 

' i 



WH I TH AM 



; 0338646280 ^ # 7/ 27 



5 

radiation to the droplets while they are in flight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing in concept a hard 
copy that is prepared by the method of the invention; 

Fig. 2 is a schematic representation of an example of 
hard copy preparing machine that is employed to implement 
the method of the invention; 

Fig. 3 shows in section an example of hard copy that 
is prepared by the method of the invention; 

Fig. 4 shows in section another example of hard copy 
that is prepared by the method of the invention; and 

Fig. 5 is a sectional view showing in concept a hard 
copy that is prepared by the prior art method, 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The method of the invention for preparing hard copies 
is described below in detail with reference to the 
preferred embodiments shown in accompanying drawings. 

Fig. 1 is a sectional view showing in concept a* hard 
copy that is prepared by the method of the invention using 
a printer or the like. 

A hard copy generally indicated at 10 in Fig. 1 
.comprises a recording medium 12 overlaid with a color ink 
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layer 14 that is formed, pixel by pixel; from ink droplets 
ejected in a controlled number or volume and which in turn 
is overlaid with a transparent overcoat layer 16 that 
presents the desired surface properties In the absence of 
steps" even if there is unevenneas in image recording 
density. 

The term "surface properties" as used with the 
overcoat layer 16 refers to the surface roughness of the 
layer due to the tiny asperities in its surface and the 
diffusive reflectance and specular reflectance of the 
overcoat layer 16 vary with its surface roughness. Thus, 
an object area such as the sea sparkling in summer is 
reproduced in the overcoat layer 16 as a glossy part having 
high specular reflectance; on the other hand, an object 
area such as a tree-covered island in the sea is reproduced 
as a part having tiny asperities in the surface and, hence, 
high diffusive reflectance. 

When image is recorded with viscous liquid or pigment- 
containing liquid, the thickness of the color ink layer 
typically increases with the recording density and where an 
area of higher recording density adjoins an area of lower 
density, the thickness of the color ink layer becomes 
discontinuous to create a step and the overcoat layer 
formed on top of the color ink layer also has a step.- This 
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is not the case with the hard copy 10 of the present 
invention and the overcoat layer 16 presents the desired 
surface properties in the absence of steps even if there is 
unevenness in recording density. For further details, see 
below. 

Fig, 2 is a schematic representation of a hard copy 
preparing machine 40 as an example of the machine that can 
prepare the hard copy 10. 

The hard copy preparing machine 40 shown in rig. 2 
comprises a droplet ejecting head 42 which ejects droplets 
of color ink to form the color ink layer 14, a droplet 
ejecting head 44 which ejects droplets D of a clear gloss 
forming liquid in order to form the overcoat layer 16 on 
top of the formed color ink layer 14, an ir ( infrared ray) 
radiation applicator 4 6 which cures the droplets .D as they 
are in flight after being ejected from the head 44, a 
control unit 4 8 which controls the driving of the heads 42 
and and the ir radiation applicator 46 on the basis of 
image information which are supplied pixel by pixel and 
image surface information, compressing/heating rollers 50 
which are provided upstream of the head 42 in transport 
direction such that the recording surface of the recording 
medium is compressed and heated before recording is 
effected on the medium, and drive rollers 52, 54 and nip 
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rollers 56, 58 for transporting the recording medium. 

The head 42 is a known color droplet ejecting head 
that records the desired image as it is driven under 
control by image recording control signals generated in the 
control unit 4 8 on the basis of image information. For 
example , it may' be a thermal ink- jet head, a piezoelectric 
ink-jet head or an electrostatic ink-jet head. 

The head 44 Is a droplet ejecting head that forms the 
overcoat layer 16 ao it is driven under control by image 
surface recording control signals generated in the control 
unit 48 on the basis of image surface information. Like 
the head 42, this head 44 may be a thermal ink- jet head, a 
piezoelectric ink-jet head or an electrostatic ink-jet 
head. 

The image information supplied to the control unit 4 8 
may comprise red, green and blue image signals generated 
pixel by pixel in order to form a color image, and the 
image surface information comprises image surface signals 
also generated pixel by pixel. 

The control unit 48 generates image surface recording 
control signals such that the ir radiation applicator 46 
cures the droplets D as they are in flight after being 
ejected from the head 44. To state in greater detail, the 
ir radiation applicator 46 corresponds to the droplet 
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curing means of the invention and adjusts the intensity of 
ir radiation in accordance with the image surface 
information such that the intensity of the curing step to 
be performed on the droplets. D is adjusted in accordance 
with the image recording position. If the intensity of the 
ir radiation applied is increased, the thermal curing of 
the flying droplets D is accelerated, whereby the 
stickiness (viscosity) of droplets D as they are deposited 
on the recording medium is sufficiently increased that a 
thicker overcoat layer 16 is formed from the droplets D. 

Needless to say, ir radiation may be kept applied to 
the droplets D even after they were deposited on the 
recording medium. If desired, an ir radiation of constant 
intensity may be applied and its duration controlled 
instead of adjusting the intensity of ir radiation. The 
droplets D to be cured by ir radiation contain a 
thermosetting resin material. 

An example of the thermosetting resin material is a 
resol resin produced by reacting a phenol with an excess of 
formaldehyde in the presence of a basic catalyst. Resole 
resins having fluidity can be obtained by proper adjustment 
of these starting materials. Upon heating with the applied 
ir radiation, the resole resins undergo self-condensation 
and their compositional structure forms a three-dimensional 
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network to become hardened. 

The clear gloss forming liquid to be ejected as 
droplets from the head 44 contains the above-described 
resin material. 

If desired, the thermosetting resin material may be 
replaced by thermoplastic resin materials. 

In the embodiment under consideration, the ir 
radiation applicator 46 is employed as the droplet curing 
means which applies ir radiation to harden droplets. If 
desired,, the ir radiation applicator 4 6 may b<& replaced by 
an apparatus that applies uv radiation or electron beams to 
flying droplets D such that they are cured during flight 
after being ejected from the head 44. 

For example, if uv radiation is to be applied, the 
clear gloss forming liquid may be of such a type that a 
multifunctional acrylic ester as a photopolymerizable 
prepolymer (oligomer) and benzophenone, benzoisoalkyl ether 
or a, a-diethoxyacetophenone as a radical initiator are 
contained in a photopolymerizable diluent (monomer) and 
cured by photo-radical polymerisation. If desired, curing 
may be accomplished by cationic polymerization. 

If electron beams are to be applied, silicone having 
acrylic groups may be cured by radical polymerization. 

In the hard copy preparing apparatus 40 shown in Fig. 
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1, the recording medium being transported from the upstream 
end of transport direction is passed between the 
compressing/heating rollers 50 so that its recording 
surface Is heated. Then, in accordance with image 
recording control signals prepared in the control unit 48 
on the basis of the image information/ the desired image is 
recorded by means of the droplet ejecting head 42. 

In the process of image recording, the droplets of 
color ink that have been deposited on the recording medium 
are dried rapidly as excess moisture is evaporated from 
within the droplets on the recording surface of the 
recording medium that is being heated by the 
compreaaing/heating rollers 50. 

By being passed between the compressing/heating 
rollers 50, the recording medium can be conditioned to have 
homogenous surface properties, so the present invention has 
an additional advantage that the effect of the transparent 
coating layer (overcoat layer 16) does not depend on the 
recording medium. 

After image recording, the clear gloss-forming liquid 
is ejected as droplets D from the head 44. The flying 
droplets D are irradiated with the ir rays from the ir 
radiation applicator 46, so that their curing starts and 
proceeds during flight. 
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In this case, the intensity of the ir radiation to be 
applied to the droplets D is adjusted in accordance with 
the image surface recording control signals generated in 
the control unit 48 on the basis of the Image surface 
information. 

Stated specifically, in order to enhance the viscosity 
of the droplets D as they are deposited on the recording 
medium, the intensity of the ir radiation to be applied to 
the droplets D is sufficiently increased that they become 
more hardened during flight. On the other hand, in order 
to lower the viscosity of the droplets D as they are 
deposited on the recording medium, the intensity of the Ir 
radiation is reduced so that they become less hardened 
during flight. 

Take, for example, the case of adjusting the surface 
properties of the overcoat layer 16 as it is formed from 
the droplets D, If droplets D that are being deposited in 
adjacent positions on the recording medium are irradiated 
with different Intensities of lr, asperities can be formed 
in the surface of the overcoat layer 16, as in an area 
designated by 16a in Fig. 3, after deposition and hardening 
of the droplets D. Note that the asperities in the surface 
of the overcoat layer 16 shown in Fig. 3 are exaggerated. 
If all droplets D that are being deposited are irradiated 
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with ir of constant intensity, the overcoat layer 16 can 
have a smooth surface, as in an area designated by 16b in 
Fig. 3, 

after deposition and hardening of "Che droplets D. 

A problem with the case of recording with the head 42 
using a viscous color ink or pigment-containing ink is that 
those image areas which are of higher recording density 
have either a large number of specified droplets deposited 
or have droplets of large volume deposited, thereby forming 
steps in the color ink layer 14 at the boundaries with the 
image areas of lower recording density. However, as shown 
in Fig. 4, according to the Invention, even if steps form 
in the color ink layer 14, the droplets D being deposited 
in the area 14a having the thick color ink layer 14 (see 
Fig. 2) are irradiated with less intense ir r so that they 
will be deposited in that area with a lower viscosity than 
the droplets D which are to be deposited in other areas 
14b, thus forming a thin overcoat layer 16 in the area 14a. 
in this way, the intensity of the curing process is 
adjusted in accordance with what kind of image is recorded 
on the recording medium. 

In the prior art disclosed in JP 11-277724A, JP 2000- 
1417Q8A and JP 2001-53943A, the overcoat layer has uniform 
thickness, as indicated by 16' In Fig. 5. This means a 
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step on the color ink layer 14 1 will affect the surface Of 
the overcoat layer 16 ' to form a corresponding step on it. 

However, the hard copy preparing apparatus 4 0 of the 
invention eliminates all steps that would otherwise be 
formed depending on the thickness of the color ink layer 
and can hence prepare hard copies having a variety of 
surface properties ranging from smooth surface to silk 
surface- v 

In addition, the step of curing droplets begins while 
they arg flying, so at the* time the droplets are deposited 
on the recording medium, they have already begun to harden 
and the overcoat layer will dry quickly enough to improve 
the efficiency of hard copy preparation « Since the 
droplets have already begun to harden and present with 
higher viscosity at the time they are deposited on the 
recording medium, the droplets now depositing cannot cause 
the deposited droplets of color ink which has formed the 
color ink layer to spread over the recording medium. 

In the foregoing embodiments, the image areas are 
formed on the recording medium using color ink but this is 
not the sole case of the invention and image areas may be 
formed on recording media having a light-eensitive or a 
heat-sensitive material. 

While the method of the invention for preparing hard 
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copies has been described above in detail, the present 
invention is by no means limited to the foregoing 
embodiments and it should be understood that various 
Improvements and modifications can be made without 
departing from its spirit and scope. 

As described above in detail, in order to prepare 
hard copies by the invention, clear droplets are caused to 
fly toward an area of a recording medium where image has 
already been recorded and during their flight, the droplets 
are cured to harden to form a transparent coating layer. 
The intensity of the curing process to be performed on the 
droplets can be freely adjusted. As a result, in 
comparison to the prior art, the coating layer can 
reproduce an even more accurate gloss in accordance with 
the image and it presents the desired surface properties in 
the absence of steps even if there is unevenness in image 
recording density, whereby the image has a sufficiently 
improved texture to look more real. 



